INTRODUCTION
A number of sample population based studies have demonstrated the beneficial effects of fruit and vegetable intake on indices of health in humans (Devareddy et al. 2008 ).
Antioxidants and phytochemicals in fruits and vegetables reduce the risk of several chronic and degenerative diseases (Murphy et al. 2009 ).
Blueberries contain a group of phytochemicals including gallic acid p-hydroxybenzoic acid, chlorogenic, p-coumaric, caffeic, ferulic, ellagic acids, anthocyanins, catechin, and quercetin (Devareddy et al. 2008) . Blueberries prevent several diseases in rat model according to previous studies. Blueberry supplementation may protect against neurodegeneration and cognitive impairment mediated by excitotoxicity and oxidative stress (Duffy et al. 2007 ).
Blueberries can prevent bone loss caused by ovarian hormone deficiency (Devareddy et al. 2008) . Also, consumption of blueberry polyphenols reduces exercise-induced oxidative stress compared to vitamin C and may be beneficial for athletes exercising in hot environments (McAnulty et al. 2004 ).
Jelly is a widely consumed dessert, appreciated for their texture and ease of cooking. As one of western desserts, jelly is a gel state food by containing about 20% of water and various textures could be assigned by using different gelling agents and manufacturing of various jelly products can be expected from different manufacturing process. Therefore, the use of natural ingredients, exhibiting functional properties and providing specific health benefits, is a very attractive way to design new food products (Gouveia et al. 2007 ).
Cooking wild blueberries does not diminish antioxidant capacity and dietitians can recommend consumption of all types of wild blueberries for disease prevention (Murphy et al. 2007 ).
RSM has been an effective statistical method for optimizing experimental conditions and investigation of critical processes by reducing the number of experimental trials (Myers & Montgomery 2002) .
Therefore, in this study, to develop jelly using blueberry juice, according to the Central Composition Design, blueberry was produced by varying the content of blueberry juice (X1), sugar (X2) and gelatin (X3) at 5 levels. Applying the Response Surface Methodology, physical properties and sensory evaluation experiments results were analyzed. The optimization of blueberry jelly manufacturing condition was carried out and studies on the analysis of composition were performed.
MATERIAL AND METHODS

Material
The blueberry juice used in this experiment was obtained from Aysu (Cultivated blueberries, U.S.A.). Also, sugar (CJ, Korea), gelatin (Knox, Kraft Foods North America, U.S.A.) and citric acid (Shinwon industrial Co., Ltd, Korea) were used.
Purified water was used.
Experimental Design
The Design Expert 7 Program was used for the research plans, data analysis and optimization analysis on blueberry jelly. As independent variables, the three factors chosen were blueberry juice, sugar and gelatin, and for dependent variables, color values (L, a, b), textural evaluation (hardness, adhesiveness, springiness, chewiness, gumminess and cohesiveness) and sensory evaluation (color, flavor, clarity, taste, hardness, springiness and overall quality) were chosen. Through preexaminations the maximum and minimum range of blueberry juice, sugar and gelatin were determined to be 10～200 g, 40～160 g, 8～20 g respectively. 
Preparation of Jelly
The standard formulation for product treatment consisted of blueberry juice, water, sugar, gelatin and citric acid. Blueberry juice and water were mixed. The gelatin was used to dissolve half of mixed blueberry juice and water for 5 min. The remaining half of mixed blueberry juice and water was added and the mixture was boiled to 70℃. Afterward, sugar was added and the mixture was boiled to 100℃. Lastly, citric acid was added after taking the product off the fire.
Color Measurement
The color values (L, a and b value) of the blueberry jelly were measured using a colorimeter (Colormeter CR-200, Minolta Co., Japan). The colorimeter was calibrated using a standard white plate with L, a and b values of 97.26, -0.07 and +1.86, respectively. Three measurements were made for each treatment.
pH Value Measurement
The pH value of the blueberry jelly was measured using a pH meter (340, Mettler Toledo, UK). Three measurements were made for each treatment.
Texture Analysis
The texture of blueberry jelly was measured using a texture analyzer (Model TAXT express, Stable Micro system Ltd., UK).
TPA parameters (hardness, adhesiveness, springiness, chewiness, gumminess, cohesiveness) were calculated. The operating conditions of the texture analyzer is shown in Table 2 .
Sensory Evaluation
The panel consisted of 16 students at Sookmyung Women's University. The panelists were asked to score the color, flavor, clarity, taste, hardness, springiness and overall quality of the blueberry jelly with points ranging from 1 (dislike extremely) to 7 (like extremely). The blueberry jelly prepared for each test
sample was recorded with a random 4 digit number. Water was provided for mouth-rinsing between consecutive evaluations.
Optimization
Through numerical optimization of a Canonical Model and graphical optimization, the optimal quantities of blueberry juice, sugar and gelatin was chosen, by which the optimal point was selected using the point found through point prediction. For numerical optimization, the goal area was set with the highest point of the sensory test from the coefficients of the standard canonical model.
Through numerical optimization, the optimal point showing the highest desirability was selected after acquiring the desirability through the following formula. n is the number of responses (9, 10).
Statistical Analysis
Statistical analysis of variance (ANOVA) and multiple regression were performed using the Design-Expert 7 program (Stat-Easy
Co., Minneapolis) to fit the equation. The results included the significance of the model and of each of its terms., the estimated model coefficients, the coefficient of determination, and the lack of fit test.
RESULT AND DISCUSSION
Physicochemical Characteristics
According to Central Composite Design which was used to optimize the manufacturing conditions for blueberry jellies, the results of physicochemical measurements from 16 conditions with 3 variables are as follows.
1) Color Values and pH
The color value and pH results from 16 conditions with 3 variables are as in Table 3 . The model equations and the coefficients of determination of the model equation are given in Table 4 . Shown in Figure 1 is the response surface for the effect of blueberry juice, sugar and gelatin on color values blueberry jelly.
The pH values of blueberry jelly were in the range of 2.90～ 3.37 which is acidic, 7 being neutral.
2) Textural Characteristics
The results of texture parameters are shown in Table 3 . The model equations and the coefficients of determination of the model equation are as in Table 4 . The addition of gelatin had a positive effect on the hardness, adhesiveness, springiness, chewiness, gumminess, cohesiveness obtained from the texture analyzer. Increased gelatin significantly increased the texture parameters (p<0.001). It was similar to a previous study that 
Sensory Evaluation
The values of color, flavor, clarity, taste, hardness, springiness and overall quality were in the ranges of 2.17～5.83, 2.83～ 5.17, 2.83～6.00, 1.83～5.33, 2.33～6.00, 2.83～5.67, 2.50～ 5.33, respectively (Table 5) . The model equations and coefficients of determination of the model equation are given in Table 6 . According to Table 6 , the sensory evaluation results showed significant values in color (p<0.05), flavor (p<0.001), clarity (p<0.01), taste (p<0.01), hardness (p<0.01), springiness (p<0.01) and overall quality (p<0.05).
Regarding flavor, it was shown that as more blueberry juice was added, the more the preference in flavor increased. But, as more gelatin was added, the more the preference in flavor decreased. This is consistent with the well known fact that flavor release in harder gels is smaller than for softer gels (Moritaka et al. 1998 ).
Regarding taste, it was shown that the as more blueberry juice, sugar and gelatin was added, the more the preference in taste increased.
It was shown that the more was added gelatin, the more the preference in springiness decreased.
With regards to overall quality, it was shown that the more gelatin was added, the more the preference in overall quality decreased. It was similar to a previous study that jelly is influenced greatly by gelatin generally (Kim & Joo 2008; Park & Joo 2006) . Figure 1 is the response surface for the effect of blueberry juice, sugar and gelatin on sensory characteristics on blueberry jelly.
Shown in
Optimization
The optimal amounts of blueberry juice, sugar and gelatin were selected through numerical optimization of a canonical model and through graphical optimization. All the significant items shown in the sensory evaluation were determined by their maxima, from which the response formula determined by the modeling acquired was utilized, and the numerical point was selected through numerical optimization (Figure 2 ) and graphical optimization (Figure 3) . The optimal point with the highest desi- categories (Figure 3 ), in range of factors that satisfy all sensory categories, the value located in the middle was calculated, and the optimization point was obtained which was found to be 133.63 g of blueberry juice, 160.00 g of sugar and for every 12.78 g of gelatin.
Through the results of this study, blueberry jelly was considered to be competitive in functionality, quality and preference.
Optimization to determine the mixing ratios to satisfy consumer preferences and their evaluation will be the subject of further needed research.
